The mechanical of the weld depends on the microstructure, the phase transformation, the process of producing the carbide particles that form in the melting zone and the heat-sensitive region of the weld. In other words, to study about the mechanism as well as to learn methods to improve the quality of welds, we first have to understand the thermodynamic processes that occur during welding (phase diagram and transfer variable). During arc welding, the process of thermodynamics is more complex than that of conventional casting [6] [7] [8] . It consists of transformations that take place in both liquid and solid states. For melting regions, because the metal is present in a completely liquid state, the region occurs crystallization from a liquid state. to solid state and to subsequent phase transformations occurring after welding (eg from austenite to ferrite in carbon steel welding) [9] [10] [11] . For the zone of thermal effect (HAZ), the change and phase change in the solid state. Dissimilar metal welds (DMW) between austenitic stainless steel and carbon steel are generally used for the fabrication and joining of engineering components. However, control of the microstructures and properties of the weld metal and heat -affected zone is a challenge. Differences in physical and mechanical and metallurgical properties between the weld metal and base metals will almost certainly exist [12] [13] [14] . For example, differences in the coefficient of thermal expansion may result in locally high stresses that can promote service failures, particularly due to thermal cycling from low to high temperatures. The corrosion resistance may also vary locally in both the weld metal and the transition region, due to differences in composition and microstructure [15] . In most of the DMW components, the plates were welded by using multi-pass welding methods. The characteristics of a multi-pass weld were more complex than single-pass weld due to the thermal cycles of subsequent passes which affected on the microstructure, hardness, mechanical properties and the residual stresses after cooling to room temperature [16] . Therefore, the study on the thermal process, residual stress distributions can be used to explain the phase transformation and chemical properties in the different zones of welds [17-20].
Figure 1: Different areas of weld
Based on the previous study, this paper will focus on the microstructure, recrystallization and mechanical properties in the HAZ and the fusion zone of dissimilar welds between low carbon steel and austenitic stainless steel 304. The differences in microstructure of single -pass and multipass weld will be discussed in the following section.
MATERIALS AND METHODS
The base metals used in the experiments were austenitic stainless steel (304) and low carbon steel with 3mm and 19 mm thick. These samples were welded by means of gas tungsten arc (GTAW) for the root pass and shielded metal arc (SMAW) for subsequent passes of the multi-pass welding and SMAW method of the single-pass welding. The chemical composition of the base metals and the filler are listed in Table 1 . Figure 1 shows the weld preparation. The welding parameters are presented in Table 2 and Table 3 . 
RESULTS AND DISCUSSIONS

Macrostructure of the dissimilar welds
The base metals in the experiments are austenitic stainless steel and carbon steel. Typical microstructure of carbon steel is composed of Ferrite and small regions of Pearlite ( Figure 4a ); whereas Austenite phases can be observed in austenitic stainless steel (Figure 4b ). Figure  3 shows the macrostructure of the single -pass and multi-pass welding. Overall, the microstructure of the welds changed significantly in three different regions: fusion zone, HAZ and base metal. The grains size in the HAZ in single -pass welding was larger than in multi-pass welding and reduced dramatically from the fusion line to the base metal. In contrast, the recrystallization was observed in the HAZ in the multi-pass welding that can be divided into HAZ-1 (grain-refining region) and HAZ-2 (partial grain-refining region). In both cases, δ -Ferrite phases were formed in the weld metal zone and its morphology indicated the fine cellular to columnar dendritic transition.
(a) Single -pass welding 
The microstructure in the fusion zone
The variation of δ-Ferrite morphology in the fusion zone during single-pass welding ( Figure 5 ) and multi-pass welding ( Figure 6 ) can be observed. In the single-pass welding, the δ-Ferrite phases transformed from fine cellular or lathy along the fusion line to the columnar dendritic and the equiaxed dendritic in the middle of weld metal. These can be explained both on the solidification behavior, subsequent solid-state transformations and cooling rate. Following the compositions and the relationship of solidification type to the pseudobinary phase diagram ( Figure. 5d ), type FA and AF solidification modes were applied for the austenitic stainless steel boundary and the carbon steel boundary, respectively. Besides, the cooling rate that reduced from the fusion line to the center leaded changing δ-Ferrite morphology. On the other hand, the microstructure of the multi-pass weld was divided into individual beads. A small zone along the fusion line showed the cellular morphologies of δ-Ferrite; whereas the columnar dendritic shape can be seen as features extending from the fusion line of a weld pass toward the subsequent passes. This can be explained by the heat flow direction toward the surface of each bead.
Columnar
The microstructure of the HAZ of carbon steel side
During the first pass welding or single-pass welding, the HAZ in the carbon steel can be related to the Fe-C phase diagram (The grain size changed gradually from the fusion line to the base metal. Next to the fusion line, the average grain size was the largest (position D) and reduced to the base metal (position A). Widmanstatten Ferrite can be formed along grain boundaries. Furthermore, because of the differences of peak temperature and cooling rate, Austenite transformed to Martensite or Bainite. Figure 8 However, the recrystallization can be seen in HAZ after second pass welding. Figure 9 shows the recrystallization during multi-pass welding which was divided into HAZ-1, HAZ-2. It can be clearly seen that grain -refining sizes were formed in the HAZ-1 (Figure 9a ). These were much finer than single-pass welding. This region was heated well above the effective upper critical temperature Ac3, allowing form fully Austenite phase. Thus, Austenite phase decomposed into Martensite or Bainite or Pearlite and Ferrite during the cooling process. However, the peak temperature of this zone was still above Ac3 and reduced gradually in the subsequent pass, allowing Austenite grains were formed finer and finer nucleate, then it decompose into smaller Pearlite and Ferrite (no Martensite and Bainite).The HAZ-2 was the partial grain-refining region by the extremely fine grains of Pearlite and Ferrite. This zone was subjected to a peak temperature just above the effective lower critical temperature, Ac1. 
The mechanical properties of the HAZ of carbon steel side
The hardness values in the different zones of multi-pass welding are shown in Figure 10 . The hardness distribution profile of the multipass welding is higher than that of the single-pass welding. The hardness value in the HAZ carbon steel, fusion zone and HAZ stainless steel were unchanged by nearly 194HV, 208HV, 200 HV, respectively for multi-pass welding and 152HV, 172HV, 180HV respectively for single-pass welding. In both cases, the hardness value of the fusion line of carbon steel side was the highest by 344HV of the multi-pass welding.
The average hardness value of multi-pass welding is higher than that of single-pass welding. This is explained that when the multipass welding process is performed, the heat energy of the second pass will provide to the first process, so the crystallization process takes place slower than case of the single-pass welding -there is no subsequent heat supply. Furthermore, with such provided-heat process, the carbides formed will contribute to increasing the hardness value of the material. At the zone of HAZ carbon steel and fusion zone, the hardness is the highest. This is explained by the high content of the elemental alloy, the carbides form more and more. However, at this zone, more carbides will be more likely to damage the weld, so further research is needed on the heat treatment of this zone.
HAZ carbon Fusion zone HAZ Stainless steel Tensile testing was carried out and the geometry of the test specimen is as shown in Figure 10 . The tensile strength values of single-pass and multi-pass welds were 442 MPa and 525 MPa, respectively. All specimens broke in the HAZ of the welds. Figure  11 presents the fracture surface of the tensile test specimen. The results of strength test reflect clearly the as-analyzed microstructure. However, both samples will be destroyed at the HAZ. The structure at HAZ changes with the accumulation of stresses causing destruction. Analysis of the microstructure of the destruction zone during the tensile test shows that there is a break in the bonding between the metal particles causing the destruction of the material in the HAZ.
CONCLUSIONS
The microstructure, recrystallization and mechanical properties of the HAZ and fusion zone were investigated during austenitic stainless and carbon steel welds. The following conclusions can be drawn: The differences in microstructure between the multipass and the single-pass were analyzed. The microstructure in the fusion zone of the multi-pass welds consisted of the bead welds with the columnar dendritic shape extended from the fusion line of a weld pass toward the subsequent passes. The recrystallization in the HAZ carbon steel side caused forming the grain -refining region and the partial grain-refining region.The hardness values in the multi-pass weld were higher than the single-pass weld. The highest hardness value was documented at the fusion line by 344HV. The HAZ of carbon steel was the weakest in the weld metal with the tensile strength values of single-pass and multi-pass welds were 442MPa and 525MPa, respectively.
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